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There were no significant differences in resonance frequency test results between the two groups. Although radiographic analysis showed no group differences, µCT (p = 0.01) and histomorphometry (p = 0.003) revealed that the DT group had significantly lower BIC values than the ST group at 4 weeks. However, by 8 weeks, the BIC values of the two groups did not differ significantly. No significant differences in BIV or soft-tissue height were observed between the two groups at either time point.
After 8 weeks of healing, peri-implant hard and soft tissue parameters in the implant neck area do not differ significantly between dogs given deep threaded versus shallow threaded dental implants.
type. In this regard, implants with fewer threads and shallower thread depths are often preferred, because both conditions facilitate implant insertion (Misch, 2007) . However, these advantages could turn into disadvantages after the placement of implants. These conditions, while favoring implant insertion, reduce the functional surface area and may increase the risk of occlusal overload at the bone-implant interface. Provided that all other variables are consistent, deeper threads provide greater implant surface contact area. Consequently, deeper threads may be clinically advantageous, especially in regions with relatively soft bone and high occlusal loading, because they provide greater functional surface area with surrounding bone (Misch, 2007) .
In a previous animal study(C. Marin et al., 2010) evaluating the optimal implant healing chamber configuration, significantly lower bone-to-implant contact (BIC) values were obtained for healing chamber configurations formed by implants with deep threads.
Additionally, using three-dimensional finite-element analysis (3D FEA) of various thread configurations, a previous study (L. Kong et al, 2008) . evaluated thread depth and width to identify the optimal thread configuration for minimal stress peaks. Although the effects of thread depth in a jaw bone model have been analyzed by 3D FEA, no in vivo studies have examined this issue in animal models or human patients. Implant systems with improved surface coating are now commercially available in both deep and shallow thread depth, enabling differing thread depth to be compared across otherwise similar implants. The aim of this animal study was to use resonance frequency analysis to examine the effects of thread depth on peri-implant tissues in terms of BIC as well as hard-and soft-tissue dimensions.
Material and methods

1) Implants
Two implant types were used in this study ( 
2) Animal model
This study was carried out with approval from the Ethics Committee on Animal Experimentation of Chun Nam University. Five beagle dogs (~1.5 years old, ~13-15 kg in weight) were used for this study. The dogs were given 2 weeks to acclimate to their environment before the experiment. They were fed a soft dog-food diet and had free access to water.
3) Experimental procedures
The dogs underwent extraction of the left mandibular premolars and first molar (P2, P3, P4, and isoflurane(Choongwae Co., Seoul, Korea) in 100% oxygen. The surgical site was prepared with a 1-ml injection of lidocaine(Yu-Han Co., Gunpo, Korea) containing a 1:100,000 dilution of epinephrine. The teeth were extracted carefully to avoid damaging the extraction sites, which were then closed with 4-0 polyglycolic acid sutures(Surgisorb, Samyang Co., Seoul, Korea). Sutures were removed after 1 week, and the extraction sites were allowed to heal for 3 months.
For implant placement, dogs were sedated and local anesthesia was injected. An incision was made at the bone crest, and a mucoperiosteal flap was reflected on the buccal and lingual sides. Implant sites were prepared with a low-speed drill series and saline irrigation. The final diameters of the drill bits used for the ST and DT implants were 2.9 and 3.3 mm, respectively.
Thereafter, implants were inserted at the bone crest level. 
4) Resonance frequency measurements
Resonance frequency measurements were performed at the time of each surgery and at death to assess the mechanical stability of the implants. One examiner performed all resonance frequency testing using an Osstell meter(Osstell Mentor, Integration Diagnostics, Göteborg, Sweden) and a Smart peg(Osstell, Straumann AG, Basel, Switzerland). Implant stability quotient (ISQ) values were measured on the buccal and lingual sides of the implants.
5) Radiography
Intraoral radiographs were taken 3 months after each extraction (at the time of implant placement) and at death to measure marginal bone loss. Radiographs were taken with a portable 
7) Histological preparations and histomorphometric evaluation
Tissues containing the implants were removed en bloc, fixed in 4% neutral-buffered formaldehyde, dehydrated using an ascending series of alcohols, and embedded in methyl methacrylate for undecalcified sectioning. Undecalcified cut and ground sections containing the central parts of the implants were produced at a final thickness of 20 µm with a macrocutting and grinding system(Exakt 310 CP series; Exakt Apparatebau, Norderstedt, Germany).
The sections were stained with Villanueva, and histomorphometric analysis was carried out under a light microscope(CX31; Olympus, Tokyo, Japan) with an image analysis system(Analysis TS Auto; Olympus) at 50× magnification.
One examiner calculated BIC, defined as the length fraction (%) of mineralized bone in direct contact with the implant surface. Bone density, defined as the surface fraction (%) of the bone surface present in the area of the fixture thread was also calculated. BIC and bone density analyses were confined to the neck portion on the buccal and lingual sides. To evaluate bone loss and soft tissue height, the distances from the abutment-fixture junction to the first bone contact point and to the highest position of soft tissue were measured on the buccal side.
8) Statistical analyses
All statistical analyses were performed with R software, version 3.1. 
II. Results
Postoperative healing was uneventful in both groups, with no remarkable complications being observed. Postoperatively, there were no open wounds, infections, or lost implants. All 20 implants exhibited successful integration at the time of death ( Figure 5 ). The median ISQ value for the DT group was 72.87, compared to 70.28 for the ST group. Resonance frequency testing revealed no significant differences between the two implants. Radiographically, bone loss was also statistically similar between the two groups ( Table 1 ). Although no main effects of time or group were observed, we did observe significant time*group interactions for BIC values determined by both μCT (Table 2 ) and histomorphometric analysis (Table 3) . Bonferroni post hoc analysis revealed that BIC values were lower for the DT group than for the ST group at 4 weeks (μCT, p = 0.01; histomorphometric analysis, p = 0.003), but not 8 weeks. BIV and soft-tissue height did not differ significantly across groups or time points, and did not present any significant interactions. 
III. Discussion
The present study demonstrated that although deep thread depth is intended to create more surface area for implant-tissue interaction, and thus to thereby potentially enhance osseointegration, our DT group had, temporarily, a lower BIC than our ST group. The difference was evident at 4 weeks in both our μCT and histomorphometic experiments at 4
weeks. By 8 weeks, BIC values did not differ significantly between the two groups.
Meanwhile, ISQ values, bone loss, bone density, and soft tissue height were similar between the two groups 4 weeks and 8 weeks postoperatively.
The lower BIC value of the DT group at 4 weeks observed in this study is likely due to the healing chambers that form between a newly inserted implant and surrounding bone(T. Good primary stability of implants is not difficult to achieve in dense bone. Conversely, in low-density bone, various implant design modifications are utilized to achieve adequate primary stability(E. Misch and Density, 1999). It has been supposed that implant design modifications aimed at increasing BIC (e.g., through changes in thread number and shape) could improve primary stability and thus improve final outcomes for patients (Chun et al., 2002) . Among the design variables examined, thread pitch has had the greatest effect on implant surface area (Misch, 2007) . Thread pitch and depth might be particularly important in low-density regions where implant parameters such as length are limited by the local bone anatomy(E. Orsini et al., 2012) . For example, when an ideal implant length cannot be used without prior bone augmentation, it is hoped that an implant with a greater thread number and deeper threading might improve the functional surface area for poorly structured and atrophic alveolar ridges.
To our knowledge, this is the first report to provide controlled experimental data concerning the influence of thread depth on peri-implant tissues in the neck area in terms of BIC and hard-and soft-tissue dimensions. It should be noted that the compared fixtures in this study had the same surface treatment(XPEED, Megagen, Seoul, Korea), thread shape, thread pitch, and thread helix angle. The only differing characteristic was thread depth.
Owing to its ease of use and noninvasive character, resonance frequency analysis has been In the present study, all implants survived throughout the study period. Oral hygiene was stable in all five dogs, and no gingival problems (e.g., swelling or pus discharge) were with an optimal thread width in the range of 0.18-0.3 mm. They found that thread depth was more sensitive than thread width to peak stresses. Notwithstanding, the present work is the first to examine the influence of thread depth on the osseointegration of implants in vivo without functional loading.
In this study, μCT analysis was performed within a defined ROI, namely, the implant neck area and surrounding region 10-32 pixels away from the fixture surface. This ROI was revealed no differences in radiographic data, µCT data, or histologically deterimined periimplant hard-and soft-tissue dimensions between implant types with different thread sizes in the implant neck area. Thus, these findings suggest that implant design modifications involving thread depth (this study) and pitch and in the implant neck area do not influence peri-implant hard-and soft-tissue dimensions.
This study had several limitations. Firstly, the implants were inserted in extremely dense bone only. Other limitations include the small sample size and the short study period, which did not allow for long-term observation, such as following function assessments with prosthetic teeth and occlusal loading. Despite these limitations, the present findings suggest that implants with shallow-versus deep-threaded necks, under otherwise identical conditions, produce similar results in peri-implant tissues after 8 weeks of healing.
In the early healing phase, significantly lower BIC values were observed for implants with deep-threaded neack than for implants with shallow-threaded necks. However, as healing progressed, no significant differences in peri-implant hard or soft tissues were observed in the implant neck region when dogs received dental implants of different thread depths. 
